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Abstract: The concept of the bioeconomy is associated with sustainable development changes and
involves transitions in both production and consumption within systems. Many of these transitions
relate to using renewable resources, like forest biomass, to meet basic needs, such as food, energy
and housing. However, consumers must become aware of the forest-based bioeconomy so that they
can contribute to the transition. This study aims to contribute to an understanding of this matter that
may lead to social acceptance of the forest-based bioeconomy and, in particular, to Swedish consumer
awareness of the concept and of a particular product (wooden multi-story buildings) representing the
forest-based bioeconomy. The results show consumer awareness of forest sequestration capacity but
less awareness of the connection to the forest-based bioeconomy and the role of wooden multi-story
buildings. The results indicate a slow transition that is hindered by path dependence and limited
comprehension among consumers of the effects of their choices for a forest-based bioeconomy. This
study provides valuable insights for future studies of how consumer awareness and social acceptance
of the forest-based bioeconomy are interconnected.
Keywords: consumers; citizens; forest-based bioeconomy; low carbon transition; perceptions;
wooden multi-story buildings
1. Introduction
During recent decades, there has been a rapid acceleration in global greenhouse
gas emissions [1]. Scientists, societies and politicians around the world agree that human
activities are contributing to global warming and that actions need to be taken. One example
of such action is the Paris Agreement, ratified in November 2016 [2], which stresses
the importance of low carbon solutions [3]. To fulfil the goals of the Paris Agreement,
substantial low carbon transitions have to take place [4].
Low carbon transitions are seen as substantial changes in the systems that serve society,
so that these systems have less impact on the climate. Such systems include transportation,
energy, agriculture and housing. Low carbon transitions in these systems would mean
increasing energy efficiency and/or using fewer resources or renewable resources [5]. The
feasibility of low carbon transitions can be studied by applying socio-technical transition
(STT) theory. It can be used to assess the socio-political feasibility, social acceptance and
legitimacy of various low carbon options by analysing the interpretations, strategies and
resources of different social groups [5] (p. 580).
1.1. Bioeconomy and Forest-Based Bioeconomy
Socio-technical transition theory provides information about how different actors
influence the implementation of technical change, in this case specific low carbon options.
One example of a low carbon transition that has not previously been studied using STT
theory is the bioeconomy, or bio-based economy.
The bioeconomy is described as:
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• A system that relies on biological processes where resources in production are reused [6];
• Part of societal transformation [7];
• An area for system innovation and transformation to the use of new technologies and
materials [6].
From a practical perspective, the bioeconomy means using renewable bio-based
materials, for example forest biomass, instead of fossil-based materials as part of sustainable
development to reduce the greenhouse gas effect [6,8,9]. There is a difference between the
bioeconomy, which is generally perceived as a sector, and the “bio-based economy”, which
refers to a shift in the conventional economy [10]. Thus, the bioeconomy primarily focuses
on parts of the economy that involve biotechnical and life science elements, while the
bio-based economy describes an economy that mainly uses biomass resources rather than
fossil-based resources. One example of the latter is the forest-based bioeconomy (FBB), in
which forest resources are the primary biomass resource and which encompasses economic
activities that relate to all forest ecosystem services [11] (p. 4).
1.2. Low Carbon Transitions
Low carbon transitions are substantial changes in the systems that serve society, so
that these systems have less impact on the climate. One such system is housing. According
to the International Energy Agency and the United Nations Environmental Program, 28%
of the CO2 emissions related to buildings originate from the use of different materials,
with most of the emissions coming from cement and steel manufacturing [12] (p. 43).
The International Energy Agency therefore suggests that a change towards bio-based
materials would have the potential to reduce the carbon emissions originating from the
use of materials in buildings [12] (p. 46). This suggestion is supported by findings in the
literature [13–16].
In Sweden, the building and real estate sectors produce approximately 21% of total
greenhouse gas emissions [17]. Of these emissions, 40% are directly connected to newly
built housing and building renovations. Although total emissions from the building and
real estate sector decreased during the period between 1993 and 2016, the contribution
from the construction of new housing and building renovations has remained constant [17].
One part of the Swedish housing system that could decrease its carbon emissions is the
multi-story buildings sector. Approximately 85–90% of the multi-story buildings in Sweden
are built around a concrete or steel frame, while the remaining 10–15% are built around a
wooden frame [18]. A wooden multi-story building (WMB) is a building with more than
two storeys and a mainly wooden frame. Building multi-story buildings with wood is
a relatively new technique, serving as an alternative to the dominant steel and concrete
techniques [19].
1.3. Needs for Social Acceptance—Research Aim with Focus on Consumers
Social acceptance among different stakeholder groups will influence the implemen-
tation of a low carbon transition [5]. For example, in a study of low carbon transitions in
the energy system, Wüstenhagen, et al. [20] found that social acceptance could be a con-
straining factor for establishing renewable energy innovations on the market and enabling
a low carbon transition. For the low carbon transition of the FBB, the social acceptance
among some stakeholder groups has been studied. For example, Hodge et al. [21] ex-
amined how forestry stakeholders (forest owners, the forest industry and environmental
non-governmental organisations) have interpreted and perceived the FBB concept. Per-
spectives on FBB products such as WMBs have been reported for key stakeholder groups,
e.g., structural engineers [22], architects [23], contract managers [24] and civil servants [25].
However, consumer perceptions of WMBs have not yet been studied thoroughly, even
though their importance in the transition has been emphasised, e.g., by Mustalahti [26].
Little attention has been given to consumer understandings despite the importance of
social acceptance of a low carbon housing system. Therefore, the aim of this project is to
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explain how consumer understandings of the forest-based bioeconomy, with a particular
focus on wooden multi-story buildings, can influence a low carbon transition.
A system perspective for a low carbon transition to a forest-based bioeconomy is
described below. The description is structured in accordance with a multi-level understand-
ing of conditions for transitions influenced by both technological and social development.
The approach and conditions for the field survey that was undertaken are then outlined.
This is followed by a presentation of the results from the survey, which was intended
to capture consumer understandings and acceptance of a technological transition to a
bio-based economy in terms of construction materials in residential multi-story buildings.
Finally, some conclusions are presented.
2. Approach—A Theoretical Framework
A low carbon transition can be explained using socio-technical transition (STT) theory,
which states that technology in itself has no function, but acquires a function in social
settings [27] (p. 1257). Socio-technical transition takes place when a socio-technical system
changes [28]. Socio-technical systems may be tangible, such as wind power stations, but
also intangible, such as the skills, routines, behaviours, infrastructures and organisations
needed to operate the tangible item [29]. It is through the arrangement of these elements
that social functions in society (e.g., road transportation) are fulfilled. Other examples of
social functions that are fulfilled through different socio-technical systems are sustenance,
communication, mobility, heat and housing [30].
There are various inter-related reasons why socio-technical systems are resistant to
change. These include:
• Dependence within systems [28], which can lead to lock-in effects [30];
• Tangible elements of socio-technical system investment costs [28];
• System-bound habits where people adapt their lifestyle to an artefact, such as having
a car (ibid.);
• Sunk investments that have been made in the current technology and socio-technical
system, making it unfavourable to invest in new technology (ibid.);
• Companies also tend to stick to established technologies because of advantages created
through economies of scale and because of knowledge about the current technology
(ibid.).
When a change in a socio-technical system occurs, it is called a socio-technical transi-
tion [27,30]. The overall dynamic of such transitions can be described through the analytical
framework of the multi-level perspective (MLP). This consists of three analytical and heuris-
tic levels, which are closely linked to each other [27]. The MLP describes socio-technical
transitions as nonlinear processes, which emerge as a result of developments at three
levels (Figure 1). These levels are: (1) niches, where radical innovation takes place; (2) the
socio-technical regime, which upholds the stability of the existing system as it is and where
established practices and rules are located; and (3) the socio-technical landscape, which is
the context influencing the other two levels [31]. At higher levels of the MLP, more actors
are more strongly linked to each other in norms reflected in institutional arrangements,
resulting in system stability [31].
Sustainability 2021, 13, 7628 4 of 16Sustainability 2021, 13, x FOR PEER REVIEW 4 of 17 
 
 
Figure 1. Overview of the theoretical framework, a multi-level perspective theory on pathways for 
socio-technical transitions and the role of social acceptance, constructed with inspiration from [32] 
(p. 226) and [20] (p. 2684). 
In this study, the system of housing in Sweden represented the socio-technical 
system, while the socio-technical regime was the dominant multi-story building technique 
that uses steel and concrete as building materials. The niche innovation was represented 
by WMBs, with FBB being the change at the socio-technical landscape level (level 3) that 
influences the other levels of the MLP (Figure 1). 
One criticism of using the MLP approach to assess socio-technological change is that 
it does not include reciprocal influential powers between levels in the MLP [33] (p. 62). 
This is where the societal, market and consumer dimensions of social acceptance can offer 
additional explanatory value. Moreover, the limitations in reciprocal influence between 
the levels in the MLP model serve as a visual representation of system-bound inertia. 
2.1. Social Acceptance 
There are several reasons why social acceptance could be important when seeking to 
establish low carbon innovations on the market. Public acceptance is needed to implement 
low carbon policies [30], while customer acceptance is needed for low carbon innovations 
to take place on the market [31]. In the renewable energy sector, the importance of social 
acceptance has become increasingly recognized. Ambitious political targets have been set 
by several governments since the 1980s to increase the amount of renewable energy 
offered on the market. Despite some success, social acceptance of renewable energy 
innovations has been identified as a constraining factor for market implementation of 
these innovations [20]. 
The three dimensions of social acceptance are socio-political acceptance, community 
acceptance and market acceptance. Socio-political acceptance concerns the acceptance of 
technologies and policies, and is the most general level of the social acceptance triangle 
(Figure 1). The socio-political acceptance level is made up of three groups; the public, key 
stakeholders and policymakers. An example of an issue that these three groups might 
handle is general acceptance in society of wind power parks [20]. Community acceptance 
is a more local level of acceptance, involving local stakeholders (e.g., residents or local 
Figure 1. vervie of the theoretical fra e ork, a ulti-level perspective theory on path ays for
socio-technical transitions and the role of social acceptance, constructed with inspiration from [32]
(p. 226) and [20] (p. 2684).
In this study, the system of housing in Sweden represented the socio-technical system,
while the socio-technical regime was the dominant multi-story building technique that uses
steel and concrete as building materials. The niche innovation was represented by WMBs,
with FB being the change at the socio-technical landscape level (lev l 3) that influences
the other lev ls of the MLP (Figure 1).
l i l i t
fl
l explanatory value. Moreover, the limitations in reciprocal influenc betw en the
levels in the MLP model serve as a visual representation of system-bound i ertia.
2.1. Social Acceptance
There are several reasons why social acceptance could be i portant when seeking to
establish low carbon innovations on the market. Public acceptance is needed to implement
low carbon policies [30], while customer acceptance is needed for low carbon innovations
to take place on the market [31]. In the renewable energy sector, the importance of social
acceptance has become increasingly recognized. Ambitious political targets have been set
by several governments since the 1980s to increase the amount of renewable energy offered
on the market. Despite some success, social acceptance of renewable energy innovations has
been identified as a constraining factor for market implementation of these innovations [20].
The three dimensions of social acceptance are socio-political acceptance, community
acceptance and market acceptance. Socio-political acceptance concerns the acceptance of
technologies and policies, and is the most general level of the social acceptance triangle
(Figure 1). The socio-political acceptance level is made up of three groups; the public, key
stakeholders and policymakers. An example of an issue that these three groups might
handle is general acceptance in society of wind power parks [20]. Community acceptance
is a more local level of acceptance, involving local stakeholders (e.g., residents or local
authorities) affected by renewable energy innovations in specific places. Market acceptance
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primarily concerns market adoption of renewable energy innovation and involves end-
consumer acceptance, but also investor and intra-firm acceptance [20].
Previous studies on FBB have focused on socio-political acceptance by key stakeholder
groups [21]. However, several key aspects of the social acceptance part of the model still
remain unexplored. Therefore, this study focused on the market acceptance of WMBs and
FBB by consumers in Sweden.
2.2. Dynamics of the Multi-Level Perspective
Socio-technical transitions are the result of interactions between processes on different
levels of the MLP diagram [31]. These transitions can be described as three steps of a
general pattern. The first step is when a niche innovation builds up internal momentum.
The second step relates to changes at the landscape level that create pressure on the socio-
technical regime. These changes lead to the third step, where destabilisation of the regime
creates windows of opportunity for the niche innovation.
The MLP stresses that transitions are not initiated by a single actor, cause or driver,
but rather by interconnected processes in multiple dimensions that reinforce each other
and create transitions [31]. Socio-technical transition theory provides information about
how actors influence the implementation of specific low-carbon options. The influence
can either be hindering or stimulating and can be traced by applying the MLP to STT
theory. According to Geels, Berkhout and Van Vuuren [5], MLP studies in such cases as
this typically analyse developments in the recent past to help identify drivers and barriers
of low-carbon innovations and transition pathways in the present. Examples of areas
where low carbon transitions have been studied using the MLP approach include electricity
systems [34,35], energy systems [36], transportation [37] and the building sector [38,39].
3. Materials and Methods
The bioeconomy is frequently perceived as an alternative system to the current un-
sustainable use of resources [26]. Changes to production and consumption stages are
key to achieving the United Nations Sustainable Development Goals (SDGs). In the
present study, particular interest was devoted to consumption aspects and the role of
consumers in development of economic systems that support sustainable development
(https://perform-bioeconomy.info/, accessed on 6 July 2021. The study was part of a
project on the bioeconomy conducted by researchers in six European countries.
Transition to a bioeconomy in this study was envisaged to be a low carbon transition
and the study object was the FBB, an important part of the Swedish bioeconomy. A widely
held belief within the forest industry is that growing forests store carbon and that the
carbon remains within constructions when the trees are processed into wood and used for
construction. Based on the carbon storage capacity of sustainably managed forests, the
forest industry argues that the FBB can be seen as a low carbon transition [40,41]. Therefore,
the respondents in the present study were asked if they were familiar with how forests
store carbon.
For a low carbon transition to take place, a low carbon innovation must be known to
citizens, but also accepted on the market and by consumers. To analyse the social acceptance
of consumers, i.e., market acceptance, the respondents in this study were asked about
their perceptions of the FBB. Wooden multi-story buildings were chosen as an example
of a product representing the FBB, mainly because of their capacity to store carbon. To
analyse market acceptance of the FBB, the respondents were asked about their perceptions
of the niche innovation of WMBs, in contrast to the dominant socio-technical regime in
the housing system in Sweden today. A few questions were also aimed at investigating
how the respondents perceived the niche innovation of WMBs to affect elements of the
socio-technical landscape, such as the climate, nature and the economy.
A questionnaire was developed and used in a field survey to map respondents’
understanding of the bioeconomy concept and of the FBB and WMBs in particular. The
responses obtained served as the base for an ad hoc investigation of current understandings
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and social acceptance of the FBB in Sweden. Diverse understandings of the bioeconomy
among respondents were expected to lead to differing interpretations of the questions in
the survey.
3.1. Definitions
In this study, the FBB was defined as an economy that mainly uses forest biomass
resources, where appropriate. The FBB can therefore be seen as a transition to the use of
renewable and sustainably managed forest resources in the whole economy, or part of it.
It encompasses economic activities relating to all forest ecosystem services, from forest
biomass in the form of wood products to services such as tourism [11]. The respondents
were not given a definition of the FBB and instead answered the survey questions based on
their personal understanding of the circular economy and the FBB. Thus, respondents may
have had any one of the generic components—a biological system, a societal transformation
or an innovation—or a combination of these in mind when completing the survey.
In the questionnaire, WMBs were defined as ”multi-story buildings with a mostly
wooden frame”. The number of storeys needed in a building in order for it to be considered
multi-story was not defined for the respondents.
3.2. The Questionnaire
The questionnaire was divided in four parts (Appendix A). The first part examined
how the respondents perceived WMBs in Sweden, with questions and statements about
WMBs compared with concrete. The second part of the questionnaire examined how the
respondents perceived carbon storage in forests in Sweden. The third part concerned
perceptions of the FBB in Sweden. The final part covered personal information and sought
the respondent’s informed consent to participate in the study.
Developing a questionnaire is an art that offers much scope for error in how the
questions are expressed, the possible answers and the scale of close-ended questions. The
questionnaire in the present study offered six reply options on a Likert scale: 1 = Strongly
disagree, 2 = Disagree, 3 = Mildly disagree, 4 = Mildly agree, 5 = Agree and 6 = Strongly
agree. The benefit of using the Likert scale is the simplicity, but this must be balanced
against the shortcomings of uni-dimensional answers on a scale that is not equidistant in
the reply options, which may fail to give a true measure of respondents’ attitudes [42].
3.3. Data Collection
Data were collected at a common location where many general consumers can be
found, namely by an IKEA warehouse. The field survey was carried out on 8–9 December
2018 in Uppsala, Sweden’s fourth largest city [43]. Passing consumers were invited to
participate, and efforts were made to include an age and gender spread among respondents.
The consumer selection process can be classified as convenience sampling, which means
that the consumers cannot be assumed to represent a larger population (i.e., the Swedish
population). Frequency distribution and graphical displays were therefore used to present
the results.
Respondents were given the option to fill out the survey in Swedish or English, using
the digital Netigate system. They were rewarded with a SEK 50 (USD 5) gift card for a
local restaurant. Respondents were also given assistance in understanding the questions by
two students (a male and a female). Some 204 respondents completed the questionnaire and
another 22 respondents began the questionnaire but did not complete it. The respondents
represented approximately 1.4% of all visitors to IKEA Uppsala during the data collection
period [44].
3.4. Data Analysis
Understanding of low carbon transition to a bioeconomy is seen as a precursor for
social acceptance. In the case of WMBs, it has not previously been studied, which points to
the need to explore understandings as conditions for social acceptance. The data collected
Sustainability 2021, 13, 7628 7 of 16
were a snapshot of perceptions from among people in Sweden visiting IKEA in Uppsala
during winter 2018 and therefore the work can be regarded as a case study. The data
obtained were used to provide an example of social acceptance in the theoretical model
used. Descriptive statistics for the 204 responses obtained in the survey were compiled in
frequency distribution tables and bar charts.
First, the demographic background of the respondents was assessed (Table 1). Next,
the respondents were grouped into two categories (“Yes” or “No”) based on their perceived
familiarity or knowledge about three different concepts relating to the FBB in order to get a
clear overview of respondents knowledge (Table 2). Respondents who selected “Strongly
agree” or “Agree” were seen as having knowledge of or familiarity with the bioeconomy
concept, while those who selected one of the other four answer categories (“Mildly agree”,
“Mildly disagree”, “Disagree” and “Strongly disagree”) were seen as not having knowledge
of or familiarity with the concept. “Mildly agree” was not included in the “Yes” category
because of the uncertainty associated with that response, since if the respondent had been
entirely sure about the meaning of the concept, they would have given a stronger answer.
Table 1. Numbers and percentages of respondents within each demographic category.
Demographic Category: Sub-Category Per Cent
Gender
Female 55.9%
Male 43.1%
Other 1.0%
Total 100.0%
Age category
18–39 39.7%
40–64 44.6%
65+ 15.7%
Total 100.0%
Which of the following best matches your
current area of residence?
Urban 58.8%
Suburb 17.2%
Rural 24.0%
Total 100.0%
Do you own more than one hectare
(10,000 m2) of land or forest?
No 91.2%
Yes 8.8%
Total 100.0%
Table 2. Frequency distribution table of respondents’ perceived familiarity with and knowledge
about elements and products of the forest-based bioeconomy.
Question
Yes
(Agree and
Strongly Agree)
No
(Strongly Disagree,
Disagree, Mildly
Disagree, Mildly Agree)
Total
I am familiar with how
forests store carbon 63.7% 36.3% 100.0%
I know the meaning of
forest-based bioeconomy 28.9% 71.1% 100.0%
I am familiar with wooden
multi-story buildings 54.9% 45.1% 100.0%
Some of the questions in the survey were double-barrelled, which is not desirable
from a statistical point of view. However, since this was an explorative study rather
than a statistical analysis, the responses to the double-barrelled questions were taken to
reflect the respondents’ general perceptions about the three dimensions of sustainability,
environmental, social and economic. Questions 12–15 and 27–34 are not included in this
article since they were not needed to fulfil the aim of the article.
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4. Results
4.1. Understandings of Bio-Based Forest Products and Wooden Multi-Story Buildings
Background information about the respondents (based on section four in the ques-
tionnaire) is presented in Table 1. There was a minor skew towards women among the
respondents, and the average age of respondents was 46 years of age. Most of the respon-
dents (75%) lived in an urban or suburban area. Very few of the respondents (10%) were
forest owners.
The majority of the respondents were familiar with how forests store carbon (Table 2).
However, when the respondents were asked if they knew the meaning of “FBB”, most
replied that they did not. The respondents were familiar with the ecological processes
which could explain the FBB as a low carbon transition, but their knowledge about the low
carbon transition itself was limited. Moreover, the respondents seemed to be more familiar
with WMBs, a product within the FBB, than with the FBB per se (Table 2).
Knowledge among the respondents about the FBB was assessed for different demo-
graphic categories (gender, age, area of residency and land ownership) (Figure 2). The
results showed that respondents who were older than 64 years old, lived in a rural area
and owned more than one hectare of land were more likely to perceive that they had good
knowledge of the FBB than other respondents.
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The respondents were also asked about their perceptions of the FBB (Figure 3). The
frequency distribution of the respondents’ responses, divided into Likert answer cate-
gories, is shown as a bar chart in Figure 3. A positive percentage indicates that the
respondents agreed with the statement, while a negative percentage indicates that the
respondents disagreed.
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Despite a lack of knowledge about the meaning of the FBB, the majority of the respon-
dents perceived the FBB to be a low carbon transition (Figure 3). Most of the respondents
(90.2%) agreed with the statements that FBB decreases the dependency on oil and fossil
fuels and that the use of fossil fuels and non-renewable materials must be reduced as
soon as possible. This indicates that a majority of the respondents also believed that there
is a need for a low carbon transition to take place. However, most respondents (80.9%)
perceived that a domestic FBB socio-technical transition would be more sustainable than a
non-domestic transition, based on the perception among respondents that FBB products
are more sustainable if they are produced domestically. The group that knew the meaning
of the FBB was in general more positive towards this low carbon transition than the group
that did not know about the FBB. A similar analysis was undertaken to investigate whether
familiarity with WMBs had any effect on their market acceptance by consumers. Similarly
to the findings for socio-political acceptance of FBB, the consumers who were familiar with
WMBs were in general more positive towards this low carbon innovation.
Economic value was attributed to the FBB by the majority of the respondents, who
saw economic value in terms of economic self-sufficiency (89.7%) and as a source of new
jobs and well-being in rural areas (93.6%). Apart from the perceived positive economic
development in rural areas, however, a large proportion of the respondents (48.0%) believed
that the FBB would mainly benefit large companies and their shareholders. Thus, there
seemed to be some disagreement among the respondents on who would benefit the most
from the FBB in society. Moreover, there was disagreement about whether the FBB is more
important than agriculture.
Regarding the transition to the FBB, the majority of the respondents (73.0%) believed
that the risks of the FBB must be understood before it is fully implemented and that
all different perspectives must be seriously considered for successful implementation.
However, most respondents disagreed with the statement that the risks of the FBB are
greater than its benefits.
4.2. Sustainability Aspects of Wooden Multi-Story Buildings
As shown in Table 2, approximately half of the respondents (54.9%) were familiar with
WMBs. Further analysis (Figure 4) showed that respondents aged 40–64 years, respondents
living in a rural area and respondents who owned more than one hectare of land were
more familiar with WMBs than other respondents.
Sustainability 2021, 13, x FOR PEER REVIEW 10 of 17 
 
respondents living in a rural area and respondents who owned more than e hectare of 
land were mo e f miliar with WMB  than ther responde ts. 
 
Figure 4. Perceived knowledge about wooden multi-story buildings among groups of Swedish consumers based on 
gender, age, area of residence and ownership of land. 
Figure 5 shows the respondents’ responses (agree/disagree) to statements related to 
wood construction (i.e., WMBs). First, the respondents were asked about their perceptions 
of the construction and maintenance properties of WMBs. Here, the majority (65.7%) 
believed that WMBs are faster and cheaper to build than steel and concrete buildings. A 
marginal majority (56.4%) also believed that WMBs last as long as steel and concrete 
buildings, do not need more repairs and maintenance and need less insulation than steel 
or concrete buildings. Thus, some respondents believed that WMBs can offer construction 
and maintenance benefits compared with the current dominant practice of steel and 
concrete buildings. However, large proportions of the respondents did not recognise these 
benefits (Figure 5). 
 
Figure 5. Frequency distribution bar chart of how the respondents perceived wooden multi-story buildings (WMBs) in 
comparison with steel and concrete buildings. 
Most respondents (78.4%) believed that WMBs are less harmful to the climate than 
steel and concrete buildings. This means that a majority of the consumers recognised that 
WMBs offer benefits to the climate that are not provided by the current socio-technical 
regime. However, approximately half of the respondents (47.5%) agreed with the 
statement that WMBs contribute to global deforestation and biodiversity loss, which 
suggests that WMBs were also seen as a potential threat to environmental aspects other 
Figure 4. Perceived knowledge about wooden multi-story buildings among groups of Swedish consumers based on gender,
age, area of residence and ownership of land.
Figure 5 shows the respondents’ responses (agree/disagree) to statements related to
wood construction (i.e., WMBs). First, the respondents were asked about their perceptions
of the construction and maintenance properties of WMBs. Here, the majority (65.7%)
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believed that WMBs are faster and cheaper to build than steel and concrete buildings.
A marginal majority (56.4%) also believed that WMBs last as long as steel and concrete
buildings, do not need more repairs and maintenance and need less insulation than steel or
concrete buildings. Thus, some respondents believed that WMBs can offer construction and
maintenance benefits compared with the current dominant practice of steel and concrete
buildings. However, large proportions of the respondents did not recognise these benefits
(Figure 5).
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Figure 5. Frequency distribution bar chart of how the respondents perceived wooden multi-story buildings (WMBs) in
comparison with steel and concrete buildings.
Most respondents (78.4%) believed that WMBs are less harmful to the climate than
steel and concrete buildings. This means that a majority of the consu ers recognised that
WMBs offer benefits to the climate that are not provided by the current socio-technical
regime. However, approximately half of the respondents (47.5%) agreed with the statement
that WMBs contribute to global deforestation and biodiversity loss, which suggests that
WMBs were also seen as a potential threat to environmental aspects other than the climate.
A majority (68.6%) believed that WMBs generate income and well-being for more people
than steel and concrete buildings.
Thus, overall, a majority saw clear economic and social benefits from WMBs compared
with steel and concrete buildings but perceived various environmental aspects of WMBs to
be both promoting and hindering factors when implementing the low carbon transition of
FBB, i.e., as offering climate benefits but causing deforestation and biodiversity loss.
In terms of the housing environment, the respondents were highly positive regarding
the health benefits of WMBs compared with the dominant socio-technical regime, as the
majority of the respondents (77.5%) perceived that WMBs were healthier to live in than steel
and concrete buildings. WMBs could therefore be seen as having a competitive advantage,
assuming consumers associate WMBs with health benefits. In the long run, this could
enable a low carbon transition, as the WMB carbon innovation was perceived as offering
benefits not only to the climate, but also to the individual, possibly encouraging consumers
to invest in WMBs rather than in the current steel and concrete buildings. However, WMBs
were also perceived by a majority (67.6%) as having a greater risk of fire than steel and
concrete buildings, which could be seen as hindering a low carbon transition.
5. Discussion
It is claimed that socio-political acceptance by citizens is important when seeking
to make sustainability transitions, such as implementing a FBB [26,45]. This claim is
supported by findings in studies on other low carbon transitions [20,30]. In this study,
respondents had a relatively positive view of the FBB, but their in-depth understanding of
what the FBB entails was limited. Many respondents interpreted the FBB as a sustainable
approach that will play a great or greater role in the future. This positive view is in
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line with that on the bioeconomy held by the forestry stakeholder groups studied by
Hodge, Brukas and Giurca [21]. However, Hodge, Brukas and Giurca [21] found that
some of the stakeholder groups studied viewed the societal disconnect from nature due to
urbanization as a major obstacle to implementing the bioeconomy. In the present study,
respondents under the age of 65 years, living in an urban or suburban area and who were
not landowners seemed to have a low understanding of the concept of the FBB. On the
other hand, most respondents were familiar with the capacity of forests to store carbon.
This indicates that there is an understanding of the ecological processes on which the FBB
is based. However, it is unknown whether perceived knowledge about the concepts will
have an effect on transition to a bioeconomy or FBB.
Limited understanding of the FBB among the public could hinder transition to a low
carbon housing system in Sweden and, more widely, to a low carbon Swedish economy [46].
This is primarily because low carbon transitions are not driven by private economic benefits
in the same way as socio-technical transitions, but rather are problem-oriented [47] and
purposive [48]. The goal with low carbon transitions is to mitigate climate effects, which
is a societal good [47]. Private actors therefore have limited incentives to engage in low
carbon transitions, so the strong motivating force of private economic benefits is absent [30].
Geels, Sovacool, Schwanen and Sorrell [30] argue that, because of the limited incentives
for private actors to engage in low carbon transitions, public policy is needed to create
the economic conditions to support successful development and implementation of low
carbon innovations on the market. Examples of suitable policy instruments are regulations,
taxes, subsidies and standards [30] and the use of social media [49].
However, governments tend to be reluctant to implement low carbon policies, as it is
viewed as “bad politics” with a risk of public backlash or bad public opinion figures [50].
The yellow vest movement in France and movements in other parts of the European Union
are examples of this backlash [51]. Despite this, Ockwell, Whitmarsh and O’Neill [50]
point out that there are examples of low carbon policies that have been politically neu-
tral or positive. According to Giddens [52], the key to success for policymakers when
implementing climate change mitigation policies is to gain widespread political support
from citizens. Therefore, it seems likely that there is a need to gain widespread political
support in order to implement the FBB in the Swedish economy, especially since the present
study indicated that respondents who were more familiar with the concept were also more
positive towards it.
5.1. Conditions for a Sustainability Transitions
The results of this study indicated that there is some market acceptance of WMBs
among the Swedish consumers that participated in the survey, even though WMBs are
not well established in the marketplace and the concept is not understood and accepted
by all. An interesting finding was that respondents who lived in rural areas and were
landowners were most familiar with WMBs. However, the data also revealed diverse
perceptions of WMBs in the group of respondents surveyed. The respondents were most
positive regarding the lower climate impact of WMBs compared with steel and concrete
buildings, which could serve as an enabling factor for establishing the niche innovation
of WMBs in the socio-technical regime. However, a study by the World Business Council
for Sustainable Development [53] found that increased awareness and concern about
sustainability issues among consumers is not a guarantee of sustainable consumption.
According to Geels [31], this might be due to lack of incentives for consumers to buy a
sustainably superior product from a personal perspective, primarily because a sustainable
product might offer unsatisfactory quality or cost more.
Similarly, Mark-Herbert, Kvennefeldt and Roos [46] found that residents in WMBs
were relatively unaware of living in a WMB and chose their housing based on perceived
personal benefits, rather than the sustainability of the construction material. Placing
more focus on the function of WMB housing, rather than its sustainability properties,
as suggested by Zhao, et al. [54], could perhaps attract more interest in WMBs among
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prospective residents. The results in this study suggested that a majority of the respondents
perceived houses built from wood to be healthier, and faster and cheaper to build, than steel
and concrete buildings (Figure 5), so WMBs seem to offer benefits directly to consumers
as well as to the climate. These benefits imply a perceived higher living standard, health
benefits and lower purchasing and living costs for the end-consumer.
More knowledge among the respondents about the FBB and WMBs could increase the
socio-political acceptance and serve as an enabling factor for a low carbon transition within
the housing system in Sweden. However, the power of consumers to enable such a transi-
tion is debatable, as consumers are not responsible for building multi-story houses and are
merely able to make a choice among what is offered on a market. Portfolio management
decisions, including on construction materials, are made by construction companies [22].
Moreover, consumer acceptance represents only one voice in the transition to a bioeconomy.
In this particular empirical context, the development of WMBs is determined by a number
of other actors [22–25]. Decisions that are based on previous decisions or experience (path
dependency) and strong interconnectedness within the current socio-technical regime can
impede transition to a bioeconomy [19,22–24,55].
5.2. Methodological Reflections
To our knowledge, the two models that made up the theoretical framework in this
study (STT theory and the MLP) have not previously been combined. This theoretical
framework placed the focus on the importance of social acceptance in a socio-technical
transition but failed to recognise all the dimensions of social acceptance suggested by
Wüstenhagen, Wolsink and Bürer [20], as it omitted community acceptance. This is a
significant omission, as a low carbon transition such as the FBB cannot proceed with-
out community acceptance of harvesting of forest biomass. There is therefore room for
refinement of the theoretical framework in future studies.
One limitation of this study was that the collection of data was not random and that
participation was encouraged by offering a gift card. This form of data collection was
chosen in order to collect as many answers as possible, since persuading people to spend
10–15 min of their time on a survey is not an easy task. The gift card may have generated
a respondent bias, but also more answers (n = 204), which is preferable from a scientific
point of view. The gift card also attracted people who were not familiar with the university
logo used in the survey setting and who were not interested in forests or forestry.
Another limitation is that the questionnaire contained several double-barrelled ques-
tions, which could be interpreted in several ways. It is therefore not possible to say how
each respondent interpreted each question, but the data obtained provide a general view
of the respondents’ opinions and provide guidance for future work.
6. Conclusions
At present, a forest-based economy (FBB) has been established in the Swedish housing
system only to a limited extent, with the niche innovation of wooden multi-story buildings
(WMBs) representing approximately 10% of newly built multi-story houses. This indicates
that this niche innovation has gained some momentum but is still not well-established
in the Swedish socio-technical regime. This study found some social acceptance of the
FBB and WMBs among the consumer group surveyed. However, the results showed some
disagreement among the respondents on who would benefit the most from the FBB in
society (rural areas or large companies). The majority of the consumers saw clear economic
and social benefits with WMBs compared with steel and concrete buildings, as well as
climate benefits, but they also perceived WMBs as causing deforestation and biodiversity
loss. Overall, the results indicate that social acceptance is not the primary reason why
the low carbon transition involving the FBB and WMBs is not more widely adopted in
the market today, but rather path dependency and strong interconnectedness within the
current socio-technical regime.
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The results of this case study cannot be generalized to other sectors or regions, but
consumer perspectives are crucial for future implementation of a wide bioeconomy. This
study may provide a foundation for future longitudinal comparisons of changes in public
perceptions of the FBB and WMBs. Moreover, social acceptance of the FBB and WMBs
could be studied with a more qualitative approach, generating in-depth information about
stakeholders’ perceptions and practices within a low carbon transition.
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Appendix A
Table A1. The complete questionnarie used in the study.
UNDERSTANDING URBAN CITIZENS’ PERCEPTIONS OF THE BIOECONOMY
St
ro
ng
ly
di
sa
gr
ee
D
is
ag
re
e
M
ild
ly
di
sa
gr
ee
M
ild
ly
ag
re
e
A
gr
ee
St
ro
ng
ly
ag
re
e
This questionnaire is by a European-wide research network on Bioeconomy: PerForm–Perceiving the
Forest-based Sector in the Bioeconomy (www.perform-bioeconomy.info (accessed on 6 July 2021)). The
project is funded by the European Forest Institute (www.efi.int (accessed on 6 July 2021)) and facilitated
through network member organisations in Austria/BOKU, Finland/Univ. Helsinki, France/IRSTEA,
Germany/Univ. Freiburg, Italy/Univ. Padova, Russia/Univ. Saint Petersburg, Slovakia/Tech. Univ. Zvolen
and Sweden/SLU.
My opinion of multi-storey building with a mostly wooden frame in [COUNTRY]
[Choose what best corresponds your opinion]
1 I am familiar with wooden multi-storey buildings 1 2 3 4 5 6
2 Are faster and cheaper to build than steel or concrete ones 1 2 3 4 5 6
3 Do not last as long as steel or concrete buildings 1 2 3 4 5 6
4 Need more repairs and maintenance than steel or concrete buildings 1 2 3 4 5 6
5 Need less insulation than steel or concrete buildings 1 2 3 4 5 6
6 Are healthier to live in than steel or concrete buildings 1 2 3 4 5 6
7 Have a higher risk of fire than steel or concrete buildings 1 2 3 4 5 6
8 Are less harmful to climate than steel or concrete buildings 1 2 3 4 5 6
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9 Do contribute to global deforestation and biodiversity loss 1 2 3 4 5 6
10 Do generate income and well-being to more people than steel or concrete buildings 1 2 3 4 5 6
My opinion of storing carbon in forests in [COUNTRY]
11 I am familiar with how forests store carbon 1 2 3 4 5 6
12 Managed forests have great potential to reduce carbon emissions 1 2 3 4 5 6
13 How forests are being managed can threaten carbon stocks in forests 1 2 3 4 5 6
14 Land/forest owners need support to maintain and manage forests 1 2 3 4 5 6
15 Land/forest owners must be compensated monetarily for storing carbon in forests 1 2 3 4 5 6
My opinion of forest-based bioeconomy in [COUNTRY]
16 I know the meaning of forest-based bioeconomy 1 2 3 4 5 6
17 Forest-based bioeconomy decreases our dependency on oil and fossil fuels 1 2 3 4 5 6
18 Forest-based bioeconomy increases our economic self-sufficiency 1 2 3 4 5 6
19 Forest-based bioeconomy generates new jobs and well-being in rural areas 1 2 3 4 5 6
20 Forest-based bioeconomy mainly benefits large companies and their shareholders 1 2 3 4 5 6
21 Forest-based bioeconomy products should be of domestic origin to be more sustainable 1 2 3 4 5 6
22 Agriculture-based bioeconomy is more important for society than forest-based bioeconomy 1 2 3 4 5 6
23 The risks of forest-based bioeconomy are greater than its benefits 1 2 3 4 5 6
24 The risks of forest-based bioeconomy must be understood before we fully embark on it 1 2 3 4 5 6
25 All different views must be seriously considered when forest-based bioeconomy develops 1 2 3 4 5 6
26 Use of fossil fuels and non-renewable materials must be reduced as soon as possible 1 2 3 4 5 6
27 Environmental regulation limits overall economic development and growth 1 2 3 4 5 6
28 Humans will be able to solve environmental problems when technology develops 1 2 3 4 5 6
29 Despite our special abilities, humans are still subject to laws of nature 1 2 3 4 5 6
30 Humans have the right to modify the natural environment to suit their needs 1 2 3 4 5 6
31 The balance of nature is very delicate and easily upset 1 2 3 4 5 6
32 I trust information on forest-based bioeconomy from government officials 1 2 3 4 5 6
33 I trust information on forest-based bioeconomy from researchers and experts 1 2 3 4 5 6
34 I trust information on forest-based bioeconomy from environmental and civic organizations 1 2 3 4 5 6
Respondent background information
35 Age
36 Gender Female Male Other
37 Do you own more than one hectare of land or forest? No Yes
38 Which of the following best suits your current area of residence? Urban Suburb Rural
Data collected through this survey will be treated confidentially and anonymously for the purposes of the PerForm project, in compliance with the General Data
Protection Regulation (GDPR), Regulation (EU) 2016/679. By filling the questionnaire you give PerForm network staff the permission to process data you
provide for the purposes of the PerForm project.
To be completed by the surveyor
Who collected: Where collected: When collected:
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